water and 71 to the air group. The maximum level of pain reported by patients during unsedated colonoscopy, measured by a numeric scale of pain (0-10), was significantly lower in the water group (3.39 ± 2.32), compared to the air group (4.94 ± 2.10), p < 0.001. The rate of painless colonoscopy was significantly higher in the water group (12.9 vs. 1.4%, p = 0.009). There were no significant differences between the two groups regarding indications for the procedure, quality of bowel preparation, cecal intubation time, withdrawal time, number of position changes, adenoma detection rate, and postprocedural complications. Only the number of abdominal compressions was significantly different, showing that water exchange decreases the number of compressions needed during colonoscopy. Conclusions: Water exchange was a safe and equally effective alternative to conventional unsedated colonoscopy, associated with less intraprocedural pain without impairing key performance measures. Our goal was to analyze the impact of water exchange colonoscopy on the level of maximum pain reported by patients submitted to unsedated colonoscopy, compared to conventional air insufflation. Methods: We performed a single-center, patient-blinded, prospective randomized comparative study, where patients were either allocated to the water group, in which the method of colonoscopy used was water exchange, or the standard air group, in which the examination was accomplished with air insufflation. Results: A total of 141 patients were randomized, 70 to the
Introduction
Colonoscopy plays a major role in the diagnosis and treatment of colorectal diseases [1, 2] , being currently accepted as the reference standard method for colorectal cancer screening [1] . Therefore, the annual number of colonoscopies performed is rapidly increasing [2] .
However, colonoscopy is an invasive and often painful examination, causing anxiety and compromising patient's tolerance and cooperation with the procedure [2] . To overcome that, there has been an increase in deep sedation colonoscopy in recent years, even for routine procedures such as screening and surveillance colonoscopies [3] , as it minimizes discomfort and improves tolerance, essential aspects for a successful and safe examination and compliance with subsequent follow-up.
Still, 4 decades after the birth of colonoscopy, the role of sedation is still a matter of debate, as unsedated but well tolerated procedures might play an emerging role [3] . Despite its beneficial aspects, deep sedation has also some disadvantages that cannot be ignored. Colonoscopy with sedation is associated with an increased risk of complications [4] , additional costs and longer postprocedural recovery times [5] , requiring a greater time commitment from the patient and the endoscopy team [6] .
On the other hand, sedation-free colonoscopy is associated with less resource consumption, no need for recovery rooms and postprocedural monitoring, thereby reducing the need for nursing care and increasing the efficiency of endoscopy services [3] . For the patient, unsedated colonoscopy decreases recovery time, having less impact on patients' daily activities and work, especially for those "healthy" working subjects undergoing screening examinations [3] . Thus, a method that minimizes pain and discomfort, allowing colonoscopy with minimal or no sedation, is of major interest.
Procedural discomfort and pain are caused by the stretching of the intestinal wall, mainly during lumen insufflation and scope insertion [6] . Air insufflation (AI) causes not only local but also proximal colonic distention, elongating and pushing it upwards, which may lead to loop formation and tight bends [7] . To overcome that, several alternative luminal distention techniques have emerged.
Water-assisted colonoscopy, first described in 1984 as an auxiliary method to facilitate progression of the colonoscope through the sigmoid colon in patients with severe diverticular disease [8] , is gaining increasing pop ularity as an alternative method to reduce patients' discomfort and need for sedation in unsedated and min-imally sedated patients [5] . This endoscopic method, in which progression is performed with water infusion instead of AI [9] , encompasses 2 major techniques: water immersion (WI) and water exchange (WE).
WI is characterized by the infusion of water to facilitate cecal intubation, with limited use of gas insufflation when necessary, and removal of water during withdrawal [7] . In the WE technique, the infusion and suction of water is performed during the insertion phase, in addition to suctioning of any retained pockets of air [5] . It is characterized by a gasless insertion of the colonoscope in clear water, minimizing distention and maximizing cleanliness during the insertion phase [7] . In both methods, withdrawal is performed with gas insufflation (air or CO 2 ) in order to distend the lumen for standard exploration. Although these are distinct techniques, in daily practice many procedures may combine both methods [5] .
Potential benefits of water-assisted colonoscopy include straightening and opening of the sigmoid colon because of the weight of water, reducing spasm, avoiding air-induced distention and elongation of the colon and reducing patient discomfort [10] .
Several meta-analyses [11] [12] [13] have consistently shown that water-assisted colonoscopy significantly reduces discomfort and pain in patients undergoing colonoscopy with minimal or no sedation, without affecting cecal intubation time and intubation success rate. Waterassisted colonoscopy, as a feasible and easy to learn method for both experienced [14] and inexperienced [15] endoscopists, is a promising approach for improving clinical and patient-related outcomes in colonoscopy without deep sedation.
Our main goal was to evaluate the impact of WE colonoscopy on the maximum level of pain reported by patients submitted to unsedated colonoscopy, compared to conventional AI, by performing a patient-blinded, randomized, comparative study.
Materials and Methods

Study Design
The present study reports a single-center, prospective, patientblinded, randomized comparative study conducted at the Amato Lusitano Hospital, between January 2015 and December 2016. Colonoscopies were performed by 1 senior gastroenterologist, with more than 10,000 colonoscopies performed, and by 4 trainee gastroenterologists, with different levels of experience but all with a minimum of 250 total colonoscopies without sedation performed. All the operators completed a training period including at least 50 colonoscopies using the WE method, described by Leung [16] , before being considered eligible to participate in the study.
Patients enrolled in the study were allocated to either the water group, in which endoscopic examination was performed using the WE method, or the standard air group, in which the examination was performed with AI. The colonoscopists were blinded to the bowel preparation used.
Study Population/Patients
Consecutive outpatients, aged 18-90 years old, referred for total unsedated colonoscopy were eligible for participation. Exclusion criteria included: previous colorectal surgery; previous indication to perform intravenous sedoanalgesia or deep sedation; inadequate consumption of bowel preparation; patients with heart failure, advanced pulmonary or renal disease (ASA physical status class III and IV); patients unable to complete a questionnaire and patients who refuse or are unable to give informed consent.
Randomization
Patients meeting the inclusion criteria who signed an informed consent were enrolled and randomized 1: 1 to the WE (water) or the AI (air) colonoscopy group based on a simple computer-generated list. The allocation was kept in a sealed envelope for each patient and opened by the assisting nurse in the pre-endoscopic evaluation. Patients and health workers, but not gastroenterologists or nurses, were blinded to the method of luminal distension used during colonoscopy.
Endoscopic Procedure
All participants were given verbal and written information to accomplish a 2-day low-residue diet (avoid soup, vegetables, fruits and seeds) before colonoscopy and to ingest a 4-L polyethylene glycol-based bowel preparation or a sodium picosulphate-based preparation, administered in the previous late afternoon. All colonoscopies were performed in the morning. After admitting the patient to the preprocedure evaluation, the nurse presented the study and obtained the informed consent from the patient. Demographic data, previous pelvic and abdominal surgery, previous colonoscopies, indication for colonoscopy, comorbidities, current medication, as well as anxiety level prior to the procedure were recorded. After a digital rectal examination, the standard adult variable stiffness colonoscope (CF-HQ185, Olympus ® ) was inserted. Colonoscopy began with patients in the left lateral position. Patients were blinded to the performed modality, and the monitor was concealed from their view.
In the water group, AI was turned off before starting the procedure. After reaching the rectosigmoid junction, the colon was irrigated with water at room temperature using a foot switch-controlled pump (Olympus ® OFP2). Water was infused throughout the colon to distend the lumen sufficiently to allow progression of the colonoscope. If the colonic lumen could not be clearly seen, a maximum of 3 AIs, lasting no longer than 10 s each, were allowed to progress with the colonoscope. If further AIs were required, the WE method was considered to have failed.
The infused water, fecal waste and air pockets were removed during insertion as much as possible. Once the cecum was reached, the air pump was switched on and the colon was fully distended. Cecal intubation was defined as the passage of the scope tip beyond the ileocecal valve with visualization of the cecal appendix.
In the Air group, colonoscopy was performed according to the usual method, using the minimum AI required to reach the cecum. In both groups, the withdrawal phase lasted at least 6 min and was 169 performed using room air insufflation to obtain adequate lumen distention. Abdominal compressions and position changes were applied as needed in the two groups and recorded in a subsequent questionnaire applied to the gastroenterologist. Polypectomies were performed during the withdrawal phase. The polyps were classified in size, configuration and location in the colonoscopy report. Conscious sedation (intravenous midazolam plus fentanyl) was offered and administered on-demand at the patient's request during the procedure.
Evaluation of Pain
Immediately after colonoscopy, the pain experienced during the examination was assessed by the patient, with the help of a room assistant blinded to the insertion method, using a numeric scale of pain (0 = no pain; 5 = moderate pain; 10 = worst possible pain). Patient-perceived difficulty and willingness to repeat the examination were also evaluated. In all cases, it was ensured that the endoscopist was not in the room at the time of the questionnaire.
In addition, the gastroenterologist filled out a questionnaire about the total colonoscopy time (intubation and withdrawal time), level of technical difficulty during the insertion phase, number of position changes, number of abdominal compressions performed and any adverse effects that might have occurred during the procedure (transient oxygen desaturation and vagal reaction).
Study Endpoints
The primary endpoint of this study was to evaluate whether the use of the WE method in unsedated colonoscopy could reduce the maximum level of pain reported by the patient, when compared to conventional AI colonoscopy. Secondary outcomes included preprocedural anxiety level, cecal intubation rate, insertion and withdrawal time, bowel preparation evaluation (according to the Boston Bowel Preparation Scale), need for patient repositioning and abdominal compression, difficulty from the endoscopist's point of view; need for on-demand intravenous sedation and adenoma detection rate. Also, patient's experience (perceived difficulty and willingness to repeat the examination) was recorded.
Sample Size Calculation
For the sample size calculation, it was assumed that the mean value of pain perceived by patients submitted to unsedated colonoscopy in the outpatient setting, at our institution, was 4.90 ± 2. These data were obtained through a previous study performed by the same research team that aimed to determine the predictive factors of pain during unsedated colonoscopy with AI.
Assuming that the water method could improve this value in at least 20% of cases, according to the information obtained in the recent literature, it would be necessary to include a minimum of 33 patients in each study group for a power of 90% and a significance of 0.05.
Statistical Analysis
Statistical analysis was performed with SPSS v.23 (IBM Corporation, New York, NY, USA). Descriptive statistics were analyzed for each collected variable (mean and SD for continuous variables and frequencies and percentages for categorical variables). Continuous variables were compared between groups with independent-samples t test or Mann-Whitney U test. For categorical variables, the χ 2 test or Fisher exact test were used, as appropriate. A p value <0.05 was considered to be statistically significant. 
Ethical Considerations
Our study was approved by the institutional ethics committee of our Hospital and data collection started after approval has been given. There was no public, prospective registration of the trial. All patients signed an informed consent form at the time of the preprocedure interview, after clarification of any possible doubts.
This study was funded through a grant for research projects promoted by the Portuguese Society of Digestive Endoscopy, awarded in 2014 after submitting the project for evaluation.
Results
Patients' Baseline Characteristics
A total of 286 patients were assessed for eligibility, and 163 patients were randomized to undergo colonoscopy with WE (water) (n = 82) or AI (air) (n = 81) (Fig. 1) . Of 163 colonoscopies, cecal intubation was not achieved in 11 cases: 5 cases in the air group, because of technical difficulties, and 6 cases in the water group, because more than 3 AIs were performed, and it was considered failure of the WE method. Furthermore, insufficient data collection precluded the inclusion of 11 patients. Thus, these patients were excluded from further analysis.
As a result, 71 cases in the air group and 70 cases in the water group were analyzed. The baseline characteristics including gender, age, body mass index, history of abdominal or pelvic surgery, history of previous colonoscopy, and preprocedural anxiety level were comparable between the two groups ( Table 1) .
Patient Pain and Experience
The primary endpoint, maximum level of pain reported by the patient during unsedated colonoscopy, measured by a numeric scale of pain (0-10), was 3.39 ± 2.32 in the water and 4.94 ± 2.10 in the air group, and the difference was statistically significant, p < 0.001 (Fig. 2) . Furthermore, the rate of painless colonoscopy was significantly higher in the water group (12.9%), compared to the air group (1.4%) (p = 0.009). Among the 141 patients enrolled in the study, only 3 reported the maximum level of pain: 1 patient (1.4%) in the water group and 2 patients (2.8%) in the air group (p = 1.000). Only 3 patients required on-demand sedation (intravenous midazolam plus fentanyl): 2 patients (2.9%) in the water group and 1 patient (1.4%) in the air group (p = 0.620), the same patient that reported maximum pain level in this group. The proportion of patients that considered the procedure to be "easier than expected" was significantly higher in the water group, 68.6% (n = 48), as compared to the air group, 36.6% (n = 26), p < 0.001. Only 2 patients, 1 in each group, showed no willingness to repeat the procedure in the future, under the same circumstances. 
Procedural Data
Procedural data are summarized in Table 2 . Cecal intubation rate was comparable between the two groups: 93.8% for the air group and 92.6% for the water group (p = 0.712). Of the 6 failed cecal intubations in the water group, only 2 procedures were completed with AI.
There were no significant differences between the two groups regarding indications for the procedure, quality of bowel preparation, cecal intubation time and withdrawal time and number of position changes. Only the number of abdominal compressions was significantly different, showing that WE could decrease the average number of compressions during colonoscopy (1.49 ± 1.68 vs. 2.13 ± 1.84, p = 0.032). The proportion of procedures classified by the endoscopist as "easy intubation" was not statistically different between the two groups.
The adenoma detection rate, including right colon detection rate, was slightly higher in the water group, but the differences did not reach statistical significance. There were no immediate or late reported complications in either group. In the water group, there was a positive moderate correlation between the reported level of pain and cecal intubation time (r = 0.432; p < 0.001). Also, a cecal intubation classified by the endoscopist as "difficult" or "very difficult" was associated with a higher level of pain (4.48 vs. 2.33, p < 0.001).
Discussion
In this head-to-head comparison of WE and AI in patients undergoing total colonoscopy without sedation, the WE method significantly decreased the maximum level of pain reported by the patients, with a significantly higher proportion of patients reporting a painless procedure.
Indeed, the cause of visceral abdominal pain is multifactorial, depending not only on the stretch of the mesenteric attachments, but also on the individual's susceptibility to the perception of pain, the pressure of gas distention and the patient's anticipation of a high pain level [17, 18] .
WE presents itself as a promising technique as it simultaneously lubricates the scope-mucosa interface, smoothes bends and flexures, and avoids gas-induced distention and elongation [7] . This explains the lower level of pain reported by patients, as well the perception that the examination was easier than expected.
Furthermore, the positive effect of the WE does not impair the key performance measures for lower gastrointestinal endoscopy advocated by the European Society of Gastrointestinal Endoscopy (ESGE) and United European Gastroenterology (UEG) [19] : the rate of adequate bowel preparation, cecal intubation rate, adenoma detection rate, and complication rate in this study accomplished the proposed thresholds. Several randomized controlled trials reported that WE significantly increased bowel cleanliness, compared to AI, when full dose or split-dose was used [9] . In the simultaneous infusion and water suction process, the jet stream of water is more effective in creating turbulence and removing residual feces and debris adherent to the colonic mucosa. In contrast, when AI is used, the colon is more stretched and the water jet reaches a smaller colonic area with less turbulence, decreasing the salvage cleaning provided by water instillation [7] .
Additionally, it has also been hypothesized that a larger volume of instilled water could be the main reason for the salvage cleansing effect of WE, with a recent randomized trial supporting this hypothesis [7] . This trial reported that the center in which a lower insertion volume of water was used in the WE method, the bowel cleanliness was not improved compared to the AI method. Quantification of the volume of infused water during the examination, probably the main driver for a better colon cleansing, was not performed in our study. Thus, the salvage cleansing effect of the WE method, subject to interoperator variability, could not be addressed in our study. The evidence that there were no significant differences related to bowel preparation between the two groups does not allow us to draw conclusions on the effect of WE on the optimization of colon cleanliness, at the risk of corresponding to skewed information.
Moreover, recent published data also suggest that WE is superior to WI and AI in increasing the adenoma detection rate [7, 20] . This might be explained by a better colon cleansing, easier recognition of polyps with the floating effect of water, better visualization of flat lesions as water does not fully distend colonic wall as gas insufflation does, and by improved attention of the operator during the withdrawal phase, with fewer distractions due to the washing and cleaning process [9] .
In our study, the WE method did not achieve the highest cleanliness scores; consequently, our interpretation concerning adenoma detection rate could also be compromised. The water group showed a slightly higher adenoma detection rate, although it did not reach statistical significance.
Our study is underpowered to detect differences concerning bowel cleanliness and adenoma detection rate. Therefore, a new study with a larger sample size, standard split-dose bowel preparation, quantification of the infused water during insertion and withdrawal phases, and adenoma detection rate as a primary endpoint would be of great convenience to our Center, in order to determine the benefit of the WE method in these key performance measures.
In this study, patient experience has not been selfreported using a validated scale, as proposed by ESGE, but rather evaluated by taking into account 2 questions regarding the perceived difficulty and willingness to repeat the examination, showing that patients in the water group considered the procedure to be "easier than expected" in a significantly higher proportion.
Other procedure measures, like the cecal intubation time and withdrawal time, that could potentially be increased in the water group as it was a new technique in which operators had less experience, showed no differences when compared to the air group. Indeed, the available literature states that the learning process of the water method in a community setting is feasible, with a learning curve easily achievable by an experienced endoscopist [14, 21] . For trainee endoscopists, there is also evidence of an easy and fast learning curve, being rated by them as an easier technique to learn, showing a trend toward superiority in reaching the cecum [15] .
In this study, the procedures were performed mostly by trainee endoscopists, with a senior:trainee ratio of 1: 4. However, all of the trainees had sufficient experience in unsedated colonoscopy according to The European Section and Board of Gastroenterology and Hepatology. Apart from that, all the operators had performed at least 50 WE colonoscopies before accepting to participate in the study, the threshold reported in the literature to perform the technique adequately, even in the absence of an "onsite" trainer [14] .
In our study, we routinely instilled room-temperature water (20-24 ° C), despite the fact that most of the trials comparing WE and AI used warm water [7, 22, 23] , what could potentially contribute to less colonic spasm. However, there is no evidence of significant differences in major procedure outcomes when comparing warm and room-temperature water [24] , and so we did not consider this aspect as a limitation of the study.
There are some limitations to this study. First, the endoscopists participating in the study had different levels of experience in colonoscopy, which could have led to different levels of pain, as well as to asymmetries in other performance measures. An endpoint analysis for each operator would have allowed us to correlate the level of pain with the endoscopist's experience. Second, despite the fact that patients were blinded to the technique used, the nature of the method did not allow blinding of the endoscopist and assisting nurse. Third, it was a singlecenter study with only 5 endoscopists included. This is the first study on water-assisted colonoscopy performed in Portugal. A multicenter trial, with more patients and more endoscopists, would probably have allowed us to overcome some of the limitations and to draw conclusions concerning bowel cleanliness and adenoma detection rate, and to determine the predictive factors of painless colonoscopy in each group.
Conclusions
Our main goal was to analyze the impact of the WE method on patients' perceived pain during sedation-free colonoscopy as well as its impact on other colonoscopy performance measures in a center without previous experience in this technique.
The results obtained in this study corroborate the promising role of WE in the community setting, translating into a better clinical practice and contributing to a greater population adherence to colonoscopy. Despite recent evidence supporting the benefits of WE, there is still some reluctance among endoscopists regarding the true benefits of this method.
